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Morbid obesity in pregnant women
INTRODUCTION
Obesity is a global health care problem with increasing prevalence.The World Health Organisation (WHO) characterizes obesity as
a pandemic with a higher prevalence in women than in men. There-
fore, anaesthesiologists are increasingly faced with the care for obese
parturients.
Obesity in the pregnant woman is considered a high risk state because
it is associated with many complications (1, 2, 3, 4, 5, 6). Compared with
normal-weight patients, obese women have more infertility, more early
miscarriage and more congenital abnormalities (5, 6). Besides the co-ex-
istence of preexisting diabetes mellitus and chronic hypertension, obese
women are more likely to have pregnancy-induced hypertension, pre-
eclampsia, gestational diabetes, thrombo-embolism, macrosomia, and
spontaneous late intrauterine demise (1, 2). Obese women also require
more instrumental deliveries and Cesarean sections, with a higher inci-
dence of postoperative wound infections. Children born of obese moth-
ers have a higher incidence of macrosomia and associated shoulder
dystocia, and in addition of being large at birth, these children are also
more susceptable to obesity in adolescence and adulthood (1, 2, 3). Ray
et al. showed that obese women required more medical involvement
and had more complications then lean patients (7). Chu et al. pub-
lished a large study in over 13000 pregnant patients showing that obese
parturients increasingly used health care resources (8). Despite the clear
evidence that obese pregnancy is more expensive and associated with
more risks then normal weight pregnancy, obstetric health care providers
fail to communicate this information to their patients (9).
The World Health Organisation (WHO) and the National Insti-
tutes of Health (NIH) collaboratively define normal weight as a body
mass index (BMI) of 18.5 to 24.9 kg/m2, overweight as a BMI of 25 to
29.9 and obesity from a BMI of > 30 kg/m2, which is further devided
into three classes.
Obesity is also a risk factor for anesthesia related maternal mortality.
The Confidential Enquiry into Maternal and Child Health (CEMACH)
reported that in the period 2000–2002, 30% of all mothers who died
were obese; by 2003–2005 more than half were overweight or obese and
over 15% were morbidly or super morbidly obese (>50 kg/m2). In the
latter report there were six maternal deaths in direct relation to anesthe-
sia, four of them were obese, two morbidly obese (10, 11).
EPIDEMIOLOGY
The prevalence of obesity has increased at an alarming rate. Fortu-
nately, possibly as a result of increased awareness of the problem, at
least in developed countries such as the United States, the dramatic in-









Marc Van de Velde




Herestraat 49, B – 3000 Leuven, Belgium
E-mail: marc.vandevelde@uz.kuleuven.ac.be
Received March 10, 2009.
PERIODICUM BIOLOGORUM UDC 57:61
VOL. 111, No 2, 187–192, 2009 CODEN PDBIAD
ISSN 0031-5362
Review
crease seems to be halted. The latest Center for Disease
Control and Prevention report shows that in the United
States (US) the prevalence of obesity has not measurably
risen in the past few years. However the levels remains
high, with 34 % of adults aged 20 or more being consid-
ered obese (2).
The dramatically increasing rate of obesity in the gen-
eral population also extends on women of reproductive
age. During pregnancy the BMI is calculated using pre-
pregnant weight, or if not known, the first weight measur-
ed at prenatal care. The National Health and Nutrition
Examination Survey (NHNES) cited the prevalence of
overweight US women in traditional childbaring ages
(20–39) as 54.3% and obese women in the age categories
of 20–29, 30–39, 10–49, as 23.3%, 32.5% and 35.4% re-
spectively (3). Three United Kingdom (UK) studies show
the rate of maternal obesity have risen from 9.9% to 16%
between 1990 and 2004 in Middlesbrough (12), from
3.2% to 8.9% between 1990 and 1999 in Cardiff (13) and
from 9.4% to 18.9% between 1990 and 2002/4 in Glasgow
(14). A National Survey for England in 2003 shows that
the prevalence of obesity in women of childbearing age is
17.8% (15). A similar survey published in 2002 reported
on the BMI over the previous ten years, which showed
that the percentage of obese and morbide obese women
in the reproductive age group had doubled during this
period (16).
Trends in maternal obesity on an international level
are difficult to compare directly owing to different mea-
surement criteria used. However, Guelinckx et al. sum-
marized the literature and reported that obesity varies
from 1.8 to 25.3% of the pregnancy population using a
BMI > 30 kg/m2 cut-off point.
PHYSIOLOGICAL CHANGES IN OBESITY
AND PREGNANCY
Both obesity and pregnancy are associated with physi-
ologic changes and many of these changes have a similar
impact. The most important changes are in the airway,
the respiratory and the cardiovascular sytems. Many of
the effects of pregnancy and obesity are additive, and lead
to significant functional impairment, decreased physio-
logic reserve, and increased anaesthetic and obstetric
risk.
Airway
Pregnancy carries an increased risk for aspiration of
gastric content and the so-called Mendelson’s syndrome.
Whether the combination of pregnancy and obesity in-
creases the risk for pulmonary aspiration remains con-
troversial. Older studies found that weight was a signifi-
cant factor in gastric content volume during pregnancy
(18) and that obese non-pregnant women scheduled for
elective surgery had both a larger volume and a lower
gastric pH than non-obese patients (19). Recently how-
ever Maltby et al. showed that the intake of 300 mL of
clear liquids in obese, surgical patients had no effect on
the gastric content or pH when compared to patients
who had fasted for more than 6 hours (20). Similarly
Juvin et al. compared obese patients with normal weight
patients and found comparable results (21). Wong et al.
studied gastric emptying of water in obese term pregnant
patients and found gastric emptying not delayed follow-
ing ingestion of 300 mL water compared to the ingestion
of 50 mL (22). Obese patients however have a higher in-
cidence of hiatus hernia, gastro-oesophageal reflux and
elevated intra-gastric pressure compared to normal weight
patients (21, 23). Obesity is also one of the major risk fac-
tors for diabetes, which in turn can cause delayed gastric
emptying, increasing the risk for aspiration. This toghe-
ter with the fact that obesity is associated with more diffi-
cult mask ventilation, intubation and difficult airway
management, can make obesity a risk factor for aspiration
during C-section independent of gastric emptying time
(22). A rapid sequence induction with succinylcholine
remains the golden standard for a general anaesthesia for
C-section.
Obesity and pregnancy each increase the risk for diffi-
cult intubation. In the literature an incidence of failed
tracheal intubation of approximately 1:280 in the obstet-
ric population is reported versus 1:2230 in a general sur-
gical population (24, 25, 26). In an obese population with
BMI > 35 kg/m2, Juvin et al. found an incidence as high
as 15.5% (27) Rahman et al. reported difficult intubation
in obstetric general anaesthesia to be 1:238 over a 5-year
period from 1999 to 2003. The mean body mass index in
their study population was 31.9 kg/m2 and most of the
cases were emergencies (28). Several other authors re-
ported on an incidence as high as 33% for morbidly obese
pregnant patients (29, 30). Also a six year review of ob-
stetric patients in a UK region reported a high failed
intubation rate in women whose BMI was found to be
over 33 (25). So it is clear that difficult or failed tracheal
intubation in obese parturients occurs frequently and
optimal assessment and management of the airway is of
extreme importance. A careful airway evaluation should
be completed before any anesthetic procedure including
Mallampati score, mouth opening and neck mobility.
Merah et al. found that among obstetric patients, the
combination of Mallampati score and thyromental dis-
tance has a sensitivity of 100% and positive predictive
value of 61.5% to predict difficult laryngoscopy (31). Fur-
ther airway imaging is questionable as it only improves
the predictability of a difficult airway by 0.04% (32).
Juvin et al. found in both obese and non-obese and in
both pregnant and non-pregnant women that only a
Mallampati score of III–IV was an independent risk fac-
tor for difficult intubation, not range of head and neck
motion, width of mouth opening, the presence of buck
teeth, the presence of mandibular recession or BMI score
(27). Although there are no bony differences between
obese, non-obese, pregnant or non-pregnant patients,
the changes in airway can be explained by fat deposition
in obese and soft tissue changes during pregnancy. Poor
head position in the obese and cricoid pressure, although
necessary for a rapid sequence induction, can contribute
to the difficulty. Optimal positioning before induction of
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general anesthesia remains critical for the morbidly obese
parturient, although not always easy to achieve in an
emergency situation. Symptoms such as stridor or hoarse-
ness may suggest airway oedema. A pre-operative anes-
thetic consultation when an obese patient arrives in the
hospital for labor gives the anesthetist time to emphasize
this problem and plan the management of a possible dif-
ficult intubation, and gives him the opportunity to choose
for other possibilities, like early placement of neuraxial
analgesia (33).
Respiratory system
All aspects of oxygenation and ventilation are affected
during pregnancy. The mechanical effects of the growing
uterus produce a progressive decrease in expiratory re-
serve volume (ERV), residual volume (RV), and func-
tional residual capacity (FRC). In the past, studies have
shown that obesity on itself is also associated with de-
crease in ERV, RV and FRC caused by the added weight
and the decreased compliance of the chest wall (34). In
an obese woman who becomes pregnant there may how-
ever be some improvement on the respiratory system, es-
pecially on the FRC (35). Hormonal changes decrease
the airway resistance, through the relaxing effect of pro-
gesterone on smooth muscle, reducing some of the nega-
tive effects of obesity on the respiratory system (36).
Studies that have shown the respiratory effect of obesity
in pregnancy to be minimal were carried out in the sit-
ting position. When FRC is furhter reduced by assuming
the supine position or by induction of general anesthesia,
FRC drops below closing capacity, leading to airway clo-
sure and shunting.
The work of breathing is increased in obese parturients
due to chest wall weight, leading to higher ventilatory re-
quirements and oxygen cost of breathing. Dempsey et al.
(37) showed that excess body weight increases oxygen
consumption and CO2 production in a linear fashion.
Thus the obese parturient is particulary susceptible to
rapid desaturation for instance by induction of general
anesthesia. This underlines the importance of adequate
pre-oxygenation.
Cardiovascular system
Pregnancy is associated withwide-ranging cardiovas-
cular changes. Obesity induced pathological changes have
profound effects on cardiac, endothelial and vascular
function. Unlike the respiratory system, where pregnancy
offers some favorable effects in obese patients, the cardio-
vascular system is further stressed when pregnancy is as-
sociated with obesity (38, 39).
Pregnancy is associated with a significant increase in
cardiac output, which is further increased during labor
and in the immediate post-partum period when cardiac
output peaks up to 75% above pre-delivery values (40).
Obesity increases cardiac output even further because ev-
ery extra 100g of fat increases the cardiac output by up
to50 mL/min (41). Blood volume is increased during
pregnancy and even more when the pregnant women is
obese. In non-obese women, pregnancy is associated with
a significant reduction in afterload. When pregnancy is
associated with obesity however, afterload reduction is
significantly impaired due to increased peripheral resis-
tance (42). Volume load initially brings left ventricular
hypertrophy and subsequently the myocardium starts to
dilate against increased pressure overload, eventually
leading systolic dysfunction. Prepregnancy hypertension
may become accentuated and an increase in heart rate in
line with the increase in cardiac output may lead to dia-
stolic dysfunction. Pulmonary blood flow increases in
proportion to the increase in cardiac output and pulmo-
nary hypertension and right ventricular failure may de-
velop. These can be exacerbated by the supine position,
airway obstruction, sleep apnea and hypoxemia.
During pregnancy the adverse effects of obesity are
exacerbated due to hormonal changes. Insulin resistance
occurs as well as hyperinsulinemia, resulting in increased
fat disposition. If fat deposition occurs in myocardial tis-
sue, conduction and contractility can be seriously affect-
ed (40, 42). Morbidly obese patients are more susceptible
to develop fatal arrhythmias. Even minor or borderline
Q-T interval prolongation can result in sudden cardiac
death in these patients. Therefore, medications known to
prolong the Q-T interval, such as methadone, droperidol,
granisetron and others, are best avoided.
Obesity results in endothelial function due to dyslipi-
demia and increased vascular inflammation (39). Endo-
thelial dysfunction in pregnant woman may predispose
to the development of pregnancy-induced hypertension
(39). Additionally, obesity itself is associated with hyper-
tension, diabetes mellitus, hyperlipidemia and poor car-
diac function and is one of the leading risk factors for cor-
onary artery disease and cerebrovascular accidents (43).
In addition, obesity has been mentioned as a risk factor
for peripartum cardiomyopathy, a potentially lethal dis-
ease (44, 45).
It is important to stress the risks of obesity combined
with assuming certain perioperative positional changes.
Two cases of sudden death on assuming the supine posi-
tion in morbidly obese patients were attributed to the
obese supine hypotensive syndrome, comparable to the
phenomenon of aortacaval compression (46). The well-
know effect of an enlarged uterus compressing major ab-
dominal vessels in the supine position leading to severe
reduced cardiac output and placental perfusion can be
exacerbated by obesity where a large abdominal panni-
culus adds to uterine and vascular compression. In fact,
obese pregnant women often demonstrate resting tachy-
cardia in the sitting position which resolves in the left lat-
eral position (47).
Anesthetic management for labor
Obesity is associated with an increased incidence of
fetal macrosomia and labor abnormalities such as shoul-
der dystocia, which are known risk factors for more pain-
full contractions and complicated labor (48). Wether obe-
sity alone has an influence on the severity of labor pain, is
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controversial. Melzack et al. found a positive correlation
between BMI and the severity of labour pain (49). Find-
ings which could not be confirmed in a later study by
Ranta et al. (50). Anyway, obese parturients most likely
have a higher need to receive good analgesia.
Nitrous oxide or systemic opioids have been proven to
lead to maternal drowsiness, airway obstruction and hy-
poxemia (51). Most authors would agree that neuraxial
labor analgesia is the most optimal mode of providing
analgesia during labor and delivery. This was confirmed
by a recent Cochrane review (52). Moreover, effective
pain relief during labor can improve maternal respira-
tory function and attenuate sympathetically mediated
cardiovascular response, an effect which is even more
important in obese parturients (53). Obesity also increa-
ses the need for Cesarean section, so having a functional
epidural catheter in place is advantageous should an ur-
gent operative procedure be necessary. Furthermore, ge-
neral anesthesia during pregnancy, especially in obese
women, is associated with increased risks such as aspira-
tion and failed intubation (54). One way to avoid these
complications is to place a functional catheter in early la-
bor, which can be used in case of emergency Cesarean
section and for pain relief in the postoperative period.
Although regional anaesthesia offers many advanta-
ges in the obstetric parturient, these techniques can be
very challenging, because anatomical landmarks are ob-
scured. Clincksales et al. showed that with increasing
BMI the depth of the epidural space is increased (55).
Jordan et al. showed that almost 75% of massively obese
parturients require multiple placement attempts, and
14 % require more than 3 attempts for successful epidu-
ral placement (56). Whether the lateral decubitus or sit-
ting position is preferred during puncture is matter of
considerable debate. Some authors prefer the lateral re-
cumbent head-down position because of lower incidence
of intravascular catheter placement due to reduced ve-
nous congestion in epidural veins (57), however others
prefer the sitting position because landmarks are more
easily identified. Hamza et al. demonstrated that the
depth of the epidural space is greater in the lateral posi-
tion compared to sitting because gravity pulls down the
pad of fat obscuring the midline (58). These authors also
reported that weight and BMI were positively correlated
to the epidural space. This was confirmed by Bahk et al.
who used computed tomography to measure the depth of
the epidural space in non-pregnant patients (59), and by
Clincksales et al. (55) who derived a simple formula to
predict the depth of the epidural space based on BMI and
maternal age. Interestingly, despite an increased epidural
space depth with increasing weight and BMI, very few
patients actually have an epidural space which is deeper
then 8 cm (58).
The identification of the midline can be difficult.
Using the sitting position can be helpfull. In recent years
ultrasound has become a very usefull tool which is grow-
ing in popularity. It can be used to identify the midline
and the depth to the epidural space. Different studies
have been published to show the usefulness of this tech-
nique (60, 61, 62).
In obese patients, a correctly placed epidural catheter
can easily be dislodged by the drag of fat when partu-
rients turn in bed or change their position. Several au-
thors described movement as much as 2 cm out of the
epidural space (63, 64). This should be taken into con-
sideration when deciding at which depth the catheter
should be left into the epidural space. With an increased
risk for Cesarean section, one should make sure that the
epidural catheter is working well, and if not, replace it
when possible.
Anaesthetic management for Cesarean
section
The risk of Cesarean section is significantly increased
in obese parturients. A recent meta-analysis showed a
significantly increased risk of Cesarean section as com-
pared to normal weight patients (65, 66). Maternal mor-
tality and morbidity is also increased following Cesarean
section in obese patients (more blood loss, more wound
infections, longer surgery, etc…) (66). Not only the ob-
stetric risks are increased, also the anesthetic complica-
tions are more frequent. Hawkins et al. reported that
general anesthesia for Cesarean section is associated with
a much higher risk of maternal mortality compared to re-
gional anesthesia (67). Also obesity was found in several
studies to be a major risk factor for maternal mortality,
with failed intubation and aspiration as the cause of
death in the majority of cases (54). The combination of
obesity and pregnancy is a significant risk factor for what
we already highlighted, difficult intubation and aspira-
tion (10, 11, 54). It is of course best to avoid these prob-
lems by having a good functioning epidural catheter in
place during labor. Therefore early catheter placement is
recommended by various opinion leaders (38, 39). To
achieve this goal, early and good multidisciplinary com-
munication between midwife, obstetrician and anesthe-
tist is mandatory.
If however, general anesthesia can not be avoided the
anesthetist should be aware of it’s significant risks. Aspi-
ration, failed intubation and rapid desaturation have
been discussed previously. Therefore good aspiration pro-
phylaxis, using the combination of a non-particulate ant-
acid (such as 0.3M sodium citrate), an H2-antagonist
and metoclopramide, should be standard in these pa-
tients (38). Good pre-oxygenation should always be per-
formed, while an extra pair of skilled hands should be
readily available i fairway management becomes diffi-
cult. To facilitate laryngoscopy, a so-called »ramped« po-
sition with blankets under the patients thorax and head
was described by Collins et al. (68). Careful attention to
left lateral tilt, even during general anesthesia, is manda-
tory. If general anesthesia in induced using penthotal a
higher initial dose should be used, but because of pro-
longed elimination care should be taken with repetitive
dosing. Propofol’s pharmacokinetics change less in obese
patients and initial dosing should be calculated on lean
body weight (38).
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For elective Cessarean section regional techniques are,
as already, stated preferred. While single shot spinal an-
esthesia is probably worldwide the most practized tech-
nique of anesthesia for Cesarean section, we prefer to use
a combined spinal epidural (CSE) technique in these
patients (69). In obese patients the block can be unpre-
dictable and often exaggerated. Thus usually dose reduc-
tions are required in obese patients (70). Not only the
need for anesthetics is unpredictable, also the duration of
surgery might be prolonged. As already mentioned obese
patients are also susceptible to aortocaval compression.
Reducing the dose will help to control the hemodynamic
side-effects of the Block. Therefore having a back-up
epidural catheter is useful. This allows for dose reduc-
tions to titrate the need of anesthetics to the specific
needs of that individual patient. But it also guarantees
flexibility to prolong regional anesthesia if surgery is pro-
longed.
SUMMARY
A thorough understanding of physiology, pathofysio-
logy, associated conditions, their complications and the
implications for analgesia and anaesthesia, should place
the anaesthesiologist in a better position to take care of
these patients. Neuraxial blockade with an indwelling
catheter is the prefered method for labor analgesia in
obese or morbidly obese patients. An early placement in
labor is necessary to give adequate analgesia and to avoid
general anesthesia in case of emergency Cesarean section.
Therefore, anesthesiology consultation on arrival of the
obese parturient in the hospital is of absolute importance
to give the anesthesiologist time to place a catheter and to
plan the management of a possible difficult intubation.
If Cesarean section is required, using the epidural
catheter is preferred. CSE is our preferred technique if
planned operative delivery is performed. Both the flexibil-
ity of reducing the dose and being able to sustain anesthe-
sia when surgery is prolonged are appealing features of the
CSE technique.Whenever general anesthesia becomes ne-
cessary, careful positioning (ramped head position and
adequate left lateral tilt), good denitrogenation and acid
aspiration prophylaxis are absolutely mandatory.
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